Abstract Multiple myeloma (MM) is a disease of the geriatric population with a median age at diagnosis of 69 years but most clinicians consider performance status and comorbidities rather than chronological age in determining prognosis and treatment. The purpose of this study was to assess whether and which comorbidity indices predict survival in a real life population of MM. We calculated Charlson Comorbidity Index (CCI), age combined Charlson index (CCI-age), Hematopoietic cell transplantation-specific comorbidity index (HCT-SCI) and Freiburger comorbidity index (FCI) retrospectively for 66 MM patients and compared their impact on treatment responses and overall survival (OS). Treatment response was significantly worse in groups with high CCI, CCI-age, HCT-SCI scales (p \ 0.05), but FCI's effect on treatment response was not significant. However, while no significant relationship was determined between other comorbidity indices with OS, it was related only with FCI-CI (p = 0.006). FCI, developed in this patient group, was the only prognostic index with a significant effect on OS in the evaluation of comorbidities in MM patients with different scores, but its relationship to treatment responses was not significant contrary to other indices. While this small patient group gave us hope regarding the use of FCI in practice, multi-center studies are still required.
Introduction
Multiple myeloma (MM) is a heterogeneous disease with 20 % of patients having a survival time of less than 2 years but more than 15 % having a survival time of more than 10 years [1] . Therefore, it is important to identify disease features and prognostic factors that may allow better tailored therapeutic intervention. Because it is a disease involving a relatively older population with a median age at diagnosis of 69 years [1] , in addition to advanced age and poor performance status, comorbidities are also used empirically as prognostic factors in treatment determination. As not all comorbidities may affect the outcome, weighted comorbidity measurements are frequently used in older patients but it is not well known which of them are really prominent at MM [2] . We calculated Charlson Comorbidity Index (CCI), CCI age combined index (CCIage), Hematopoietic cell transplantation-specific comorbidity index (HCT-SCI) and Freiburger comorbidity index (FCI) [3] [4] [5] [6] retrospectively for 66 MM patients and compared their impact on treatment responses and overall survival in order to assess whether and which comorbidity indices predict survival in a real life population of MM.
Materials and Methods
After this study had been approved by the local ethics committee, records of 66 MM patients diagnosed in our clinic between 2009 and 2013 were reviewed, and their age, MM type, staging (International Staging System = ISS and Durie-Salmon), biochemical prognostic factors, existing comorbidities, Eastern Cooperative Oncology Group (ECOG) and Karnofsky performance scores (KPS) were recorded. CCI, CCI-age, HCT-SCI and FCI scores were calculated for each patient with these data. While risk groupings were determined as four risk groups for CCI, five risk groups for HCT-SCI, and three risk groups for FCI according to comorbidity scores in original sources [3] [4] [5] 7] , three main groups, namely low, intermediate and high, were used in order to make comparisons as in previous studies [4, 5] (Table 1) .
While age and biochemical parameters of the patients were grouped as ''low'' and ''high'' in terms of median values for analysis, beta-2 microglobulin levels were divided into three groups as \3.5, between 3.5-5.5 and [5.5 in accordance with ISS staging, and into two groups as below and above albumin 3.5 g/dl. Karnofsky performance status was grouped into two as below and above 70 as in FCI scoring. Response levels of the patients evaluated in accordance with International Myeloma Working Group (IMWG) international response criteria were examined with these factors after the first line treatment (3-6 months), but stringent complete response, complete response, very good partial response and partial response groups were combined to establish ''good response'', and stable disease, progressive disease and deaths occurring before first response evaluation were combined to establish ''poor response'' for statistical analysis due to lack of sufficient numbers of patients in total. Statistical analysis was carried out using IBM SPSS version 20 software. Compliance of variables for normal distribution was examined with visual (histogram and probabilistic graphics) and analytical methods (Kolmogorov-Smirnov/Shapiro-Wilk tests). Descriptive analysis was given using mean and standard deviation (±SD) for normally distributed variables, and using median and value intervals (minimum-maximum) for not normally distributed variables (Table 2) . For cases where variables were not normally distributed, these parameters and ordinal response level variable were compared using Kruskal-Wallis test. Paired comparisons were made using Mann-Whitney U test and evaluated using Bonferroni correction. Good and poor response rates in CCI, CCI-Age, HCT-SCI, and FCI risk groups were reviewed by Chi square and KruskalWallis test. The effects of all factors studied on survival were reviewed using log rank test, and survival rate was calculated with Kaplan-Meier survival analysis. Total type 1 level of error was used as 5 % for statistical significance.
Results
Descriptive features of the patients are summarized in Table 2 . Median survival was 39.01 months and 95 % CI was 95 % (29. 4-48.6 ) in the group of 66 patients aged 34-90. No significant difference was determined between the survivals related to gender and diagnosis age. While heavy or light chain myeloma type, C reactive protein (CRP), lactate dehydrogenase (LDH), creatine, hemoglobin, and plasma cell ratio in bone marrow were not related to survival (p [ 0.05), calcium (Ca), albumin, beta-2 microglobulin, and ISS staging were significantly related to survival (p \ 0.05). While first treatment in low ISS stage patients had significantly better response (p = 0.006), no significant relation was determined between Durie-Salmon staging system and response rates (p = 0.88).
When ECOG performance status of the patients was assessed, median survival was 45.86 months for ECOG 0, 36.15 months for ECOG 1, 30.95 months for ECOG 2, 31.81 months for ECOG 3, and 16.76 months for ECOG 4 and this difference was statistically significant (p = 0.028). Similarly, while the survival was 39.92 months on average for the patients with good Karnofsky performance status, it was 27.04 months with poor Karnofsky performance status, and this effect on survival was significant (p = 0.016). While ECOG performance status had a relationship with response rate (p = 0.026), this relationship was not observed with Karnofsky performance status (p = 0.07).
When CCI risk groups were composed, a significant decrease was observed in response rates with high CCI scores (p = 0.042), but the relationship between CCI-age risk groups and response levels was not significant (p = 0.081, Fig. 1 ). While both CCI and CCI-age scores increase, survival decreases, this relationship was not statistically significant (p respectively 0.153 and 0.614, Fig. 2 ). Although there was a significant relationship between HCT-SCI risk groups and response rates ( Fig. 1 , p = 0.03), its significant relationship with survival was not available (p = 0.244, Fig. 2 ). No significant relationship was observed in the response rate distributions in the analysis made with FCI-CI risk groups (p = 0.064, Fig. 1 
Discussion
Clinical course and survival have a distinctive variability in myeloma patients. This variability is the result of both myeloma cell biology and various factors that belong to the patient. Several comorbidities and performance limitations are frequently involved as the disease has a higher incidence in elderly subjects. As for determining whether the patient is a candidate for autologous stem-cell supported high dose chemotherapy as a key step in the treatment, it is important to examine the prognostic factors and comorbidities in these patients in accordance with the patient group. In our study, the median age of the patients was 66.5 between 34 and 90, which had a normal distribution. It was thought that not observing any significant relationship between diagnosis age and prognosis might be due to the small size of the sample. It might be due to the existence of several factors which are more efficient on prognosis as well. Although age of diagnosis was reported to be determinant on overall survival in a recent analysis where data of more than 40,000 MM patients were evaluated, it should be kept in mind that the age limit in this analysis was determined to be 75 [7] . In a study by Kleber et al. [6] with a focus on comorbidities, chronological patient age, which was observed as significant factor in a single variable analysis, was not as significant as other factors in multivariate analysis and the authors stressed that biological age can substantially differ from the chronological patient age, and that evaluation solely with chronological patient age may lead to false outcomes.
Traditionally staging systems are used for determining prognosis. In our study, median survival in stage II was approximately 40, 30 months in stage IIIA and 24 months in stage IIIB in compliance with the literature in DurieSalmon stages and its relationship with survival was determined to be significant (p = 0.037). ISS staging system is also established on b2 microglobulin and albumin, which is related to tumor burden. These two parameters were determined to be independent parameters with a powerful relationship with survival in the studies (8 16 .76 months for ECOG 4, this difference was statistically significant (p = 0.028). Similarly, while the survival was 39.92 months on average for the patients with good Karnofsky performance status, it was 27.04 months with poor Karnofsky performance status, and this effect on survival was significant (p = 0.016). Indeed, while the performance status is set forth as a patient related prognostic factor in the 2013 guide of the Mayo Clinic, the performance status is not included either in ISS or DurieSalmon staging or Mayo Clinic risk classification, which is mainly based on genetic features [8] [9] [10] . In new studies, performance status was reported to have significant effect on the survival in a similar manner with our findings. The study of Offidani et al. on 266 MM patients reported that poor performance status (ECOG 2-4) is an independent factor that deteriorates survival [2] . Kleber et al. [6] achieved the same result by measuring the performance status with KPS. Although clinicians generally accept that performance status is important for the selection of treatment and prognosis, performance status leads to difficulties for estimating prognosis and making practical clinical decisions as it is not included in objective staging and risk classifications. Therefore, KPS is also a parameter in addition to pulmonary and renal functions in the FCI index developed by Kleber et al. [6] which can allow objective use of performance status in the survival estimation.
As MM has a higher incidence in elderly subjects, it is expected that comorbidities that increase with the age accompany this disease. Two or more comorbidities are reported in 35 % of males and 45 % of females aged 60-69 in our society. These rates increase to 53 and 70 %, respectively above the age of 80 [11] . The same rate was reported to be 36.4 % in our patient group. Different comorbidity indices can be used for evaluating comorbidities. The relationship of CCI, which is one of these comorbidity indices, with survival is analyzed in several solid malignancies; however their data in hematological malignancy are limited. Therefore, our study is of importance with this regard as well. In the studies with myelodysplastic syndrome and acute myeloid leukemia, it was reported that survival deteriorated with increased numbers of comorbidity [12, 13] . HCT-SCI was developed in studies where patients had undergone hematopoietic cell transplantation [5] . Kleber et al. recently compared various comorbidity scales in MM and reported that the effects of KPS, eGFR and lung disease had more impact on progression-free survival and overall survival in their analysis. They proposed a distinctive comorbidity index, based on these factors, called the Freiburger comorbidity index (FCI) for MM [6] . In this study, survival was reported as 118 months with low score (0), and 25 months with high scores (2-3) in MM patients according to this comorbidity index, validation of which was also carried out. Kleber et al. [14] recently proved the relationship between FCI and survival once again on 466 MM patients and they claimed that a more powerful prognostic index might be established when FCI is merged with ISS. Offidani et al. [2] reported that CCI score was among independent factors that deteriorated overall survival together with performance status (ECOG) in 266 MM patients. In multivariate analysis of this study, ISS was reported to have an effect on survival as well, but effects of ECOG and CCI were analyzed independently from this effect. In a study on patients with relapsed or refractory MM receiving lenalidomide treatment, HCT-SCI, FCI and Kaplan Feinstein comorbidity indices were compared, and only FCI was reported to have an effect on progression-free and overall survival [15, 16] .
While all comorbidity indices presented graphics related to survival, only the FCI index has a statistically significant effect on survival in our study as well (p = 0.006). In this study, FCI developed in MM patients was reported to be the only comorbidity with a significant effect on the overall survival in comorbidity measurements of patients.
Selection of treatment and response to treatment may be a significant factor that needs to be taken into account for the effects of performance status and comorbidity scores on survival. As good response to the first treatment was reported to be the most important factor on survival (p \ 0.001) in our study, comorbidity scoring, one of the factors which may affect the level of response, and first treatment responses were compared. While CCI, HCT-SCI scores, ISS stage, and ECOG performance status had a statistically significant distribution difference on the response, this effect was not observed in FCI. In clinical practice, initiation of chemotherapy protocols with low toxicity in patients with poor performance and comorbidities and their low therapeutic efficiency might lead to these results. We could not find any other study in the literature that examines the performance status in myeloma patients and the effect of comorbidities on the treatment responses. It will be more accurate if evaluation is made in higher scale studies with multivariate analysis in order to clarify this issue.
Conclusions
In the light of these findings, it was thought that performance status and presentation of comorbidities are significant tools in addition to staging for the estimation of prognosis during the first evaluation of patients. It was concluded that FCI, which clarifies performance and comorbidity status with simplicity to be used in clinical practice, might be an objective prognostic index. While this study presented a sampling of the prognostic benefit of the use of FCI in MM patients in real life as a single center experience, many questions could not be addressed due to the limited numbers of patients. For instance, the effect of renal and lung functions, which are components of FCI, on the survival could not be reported to be statistically significant or OS increases even if FCI does not have any effect on the treatment responses, are interesting findings that could not be clarified due to the small number of patients. Multi-centered randomized large studies are required in order to clarify these issues and to develop a simple comorbidity index such as FCI. 
